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EXPANDABLE SLOTTED TUBING STRING AND METHOD FOR CONNECTING SUCH A TUBING STRING 

This invention relates to a connector. and in 
particular to a connector forming part of an expandable 
tubing assembly. The invention also relates to a method of 
connecting lengths of expandable tubing. 

WO93\25800 describes expandable tubing defining 
overlapping longitudinal slots. On expansion of the 
tubing, by pushing or pulling a mandrel through the tubing, 
the slots expand to form diamond- shaped apertures. The 
expansion is accommodated by deformation of the fingers of 
metal between the slots, this deformation taking place 
predominantly at the slot ends, and also by circumferential 
extension of the parts of the tubing wall beyond the slot 
ends. In expandable tubing developed by the applicants 
radial expansion is achieved with the parts of the tubing 
wall between and beyond the slot ends experiencing little 
if any deformation, these parts being known as the tubing 
"nodes" . 

Arrangements for connecting lengths of slotted tubing 
are disclosed in W096\37687 and W097\21901, the disclosures 
of which are incorporated herein by reference. Both of 
these documents describe arrangements in which the end of 
one length of tubing defines a male coupling portion which 
is received within a female coupling portion on the other 
length of tubing and attached thereto. 

In another coupling arrangement, the ends of the 
tubing lengths are received within an external coupling 
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sUave. Ho» e , te has b „„ ^ thac foii 
expansion, ch. ,« contracts t-UUy fcy . .^.^ 
-cent.- this cra.tes . testriccion ln defiMd ^ 

the tubing. 

Accor=in 9 to the p rese „t invo„ tio „ ch .„ provided 
a ™c„od of connecting le„ g ths o, ^pandaoU cubing 
o. fl „i„ g ov„l.ppi„ 9 lo „ 3ijudinal 5lotSi metted 
comprising: 

Providing a Cubular ^^.^ 
longitudinal slots and comprising end portions; 

Providing lengths of expandable tubing defining 
overlapping longitudinal slots and having end oortions 
defining nodes between and beyond the ends of the slots; 
and 

connecting the connector end portions co nodes of 
respective end portions of the tubing lengths. 

According to another aspect of the present invention 
there is provided an expandable tubing assembly comprising: 

a tubular connector defining overlapping longitudinal 
slots and comprising end portions; 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions defining nodes 
between and beyond the ends of the slots; and 

the connector end portions being coupled to the nodes 
of the respective end portions of the tubing lengths. 

The formation of the connections between the connect 
end portions and the nodes of the tubing end portions 
provides for a relatively secure connection. Preferably 
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the eno po „ lons and cfce o( cubing ^ 

portions are threaded. and cha ^ 
defonaation at the nodes facilitates «ai„te„a„ee of , 
secure connection on expansion of the cubing lugtb , and 
the connector. 

Preferably also, the connector further copses an 
intermediate portion selected to be of corresoonding 
configu raC i on Co thfi tubing ^ ^ ^ 

expansion characteristics of the connected tubing assembly 
will be substantially constant over the connection 

Preferably also, each connector end portion defines a 
slot to receive a corresponding tongue provided on the 
respective tubing length end portion. 

According to a further aspect of the present invention 
there is provided an expandable tubing assembly uprising: 

a tubular connector defining overlapping longitudinal 
slots. the connector comprising end portions and an 
intermediate portion; and 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions coupled to the 
connector end portions, 

at least the connector intermediate portion being of 
corresponding configuration to the tubing lengths, such 
that the expansion characteristics of the intermediate 
portion and the tubing lengths correspond. 

This aspect of the invention provides a connector 
which expands in a compatible manner to the adjacent tubing 
and thus facilitates reliable expansion of an expandable 
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tubing string. 

-cording to „ 1U £urthet of 
~o« there u ptovid . d a „ a „ angenent 
lengths of expands tuMng. che e„ angem6nc compri 
sleeve defining overl,p pi „ g longitudinai slocs , first 
second tubing Ungths definlng OV9rUpplng loniicudiMi 
slots. in use che sleeve and tubipg Ungths bein3 radi ^ 

expanded by deformation of £inge „ o£ ^^^^ uhere 

adjacent spaced ^ ^ 

™ a *" in5 """" £ " •=»»= sleeve to the ends of 

the c^io, lengths , cha da£oraabia fingera o£ ^ ^ 

being «.U» spaced from tbe end „ ost o£ 
the respective tubing lengths. 

in use. on expansion o £ the tuMng l engths Md che 
sleeve, the deflation o £ the sleeve £ in g . rs „ Ui taka 
Place foilowing tha de£ocMtion „ f ^ ^ 
the first cubing length ind prior ^ ^ da£otmacion o£ ^ 
endmosc fi„ g s rs of che sacond tub . ng imgch jt ^ ^ 

found that. followi„ g sxpansion. chere is little or no 
diametrical shrinks of the sleeve, ,„ d the £orca 
necessary „ eJIpand the ^ ^ ^ 

approximarely half that retired to e*p and tuMng end3 
coupied with a sieeve in „ hich there is suhstantial overl.o 
between the sleeve and the t ubi„ g ends. 

The invention also relates to a method for coupling 
the ends of first and second 1 e„gths of exp,„ dable cubing 
derrnrng overlapp^g iongitudinsl s!ots and deform. bl e 
fingers of material where adjacent oircu^erenciaHy spaced 
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slots overlap, the method compri . 

uprising cne steps of- 

- de ( or„ahls (ing „ s of Mceciii 
""-""-"ally sp „, d slots Qveriap; 

coupling the sleevs co che ends of f 

:;: :: ion9itudinauy spa ~ d f ~™ - — — 

of the tubxng lengths,- and 

-a herein. the cerm slQts is " 

7' S ^ »~g - Che „,lL 

such as lines of bores or scallops. 

Pre f .rahl y . the connecti „ g ^ ^ e ^^^^ 

™.r,„ cllUy spiced locations ^ ^ 

o «*. suave „e y o„a the «s P e= t i V e end.osc tubing £lngers . 

z rrr 9 neans - 

a. U*e ta location in approbate aUgnea taes provid8d 
- the sleeve ana cuMng lengths . ^ 
Proviaea he y ona ,. ch cubing „ ^ 

may be provided. 

Pr ee „. bly ilso . th . unexpa[ided sie=ve ^ ^ 
r Chan the t ubi „ 9 lengths ^ ^ _ 

consent diameter along their length. 
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— di „ 9 co . still £urchar aspecc ot 

en 9 chs o £ ex^bie tubing . cha ■ 

!en 9 ths defining overlaps, ^ngitudinai ^ ^ ^ J 
"bang Ungths being radially eKpandabie fay 
i»ge r . of „«„ ial „ na „ , djacent circumtarenciauy 

»l.ev« Co the ands of t „ e 

extending st ripa of TOCal . Mosc pre£erably , che 
rectiUnear. on ex P a„sion. the atripe o£ ^ ^ 

iiy out„, rdly and saparate circun , farantial 
*«uii,. that u priot co expMaion strips ^ ^ 

carcu,,f. r e„c i . llv conne=ted by frangibia unks ^ ^ 

"ire. -b. o£ or one or „o ra „ al d, to 

sleeve handling. 

The invention further ralacas to . ^ ^ ^ 
t- end, of first and seco „ d Ungths o£ expandafcie cubi ^ 
deftn.ng overla ppl „ 9 iongitudinal alocs 

fingers of material wherp a H4„ - 

where adjacent cxrcumf erentially spaced 

slots overlap, the method comprising the steps of- 

Providing a sleeve comprising longitudinally lending 
strips of material; 

lengths of expandable tubing; and 

forcing an expansion -eefcer through the connected 
tubing Ungths to expand the sieeve and tublng le „ gths 
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- £erably , che connecting means ^^^^ 
™ erentially spaced locacions at ^ 

lengths beyond che endmosc cubing ^^^^ ^ ^ 

°" SleSVe - The -y comprise pins 

;; vets d ; crews and the iike <« in appropriace 

xxenea bores provided in the sleeve cubing . iengthg 

S-gle fasteners may be provided beyond ^ ^ 
or multiple fasteners may be provided. 

Preferably also, the unexpanded sleeve is of larger 

diameter than the tubing lengths Mno ^ 

y xengtns. Most preferably, the 

sleeve and the tubing length are ^r-u * 

a engcn are each of substantially 

constant diameter along their length. 

These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a sectional view of a length of expandable 
tuning, shown in an expanded configuration; 

Figure 2 is a sectional view of an expandable tubing 
assembly in accordance with a first embodiment of the 
present invention; 

Figure 3 is a schematic plan view of an arrangement 
for coupling lengths of expandable tubing in accordance 
with a second embodiment of the present invention; 

Figure 4 is a sectional view of F igure 3; and 

Figure 5 is a schematic plan view of an arrangement 
for coupling lengths of expandable tubing in accordance 
with a third embodiment of the present invention; 

Reference is first made to Figure ! of the drawings. 
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which Uiustracee . u „ sth o£ 8 „ pan(lable tubing 

pip :. in •« slo „ u haveb j 

machined. Applvina * ^ ■ i, 

y ° Ut " ard fOC " CO th ' """-9 

snaped openings. 

The «*, l0 is supplied in Unjch3 
transportation a„ d h ,„ dli „ g ,„ d these . oined ^ 

a " 0th " °" SUr£l " " ««• » "bul.r string. The 

~, » inuscr.ce d ln pigure , of the 

^ ° £ ^ » » «- —>ecte d «. £o ™ . 

string, as will „ ou be described 

The aase*bl y l4 comprises , cubuUr connector 
de £i „ing o„erl,p pi „ g longicudinsl 5loM is conne=wr 
comprising e „ d fattim 20 ^ ^ m intetnediate 
potion „. The slocs „ emend _ r 

=he connector M , buc the only ovenap ^ ^ ^ 

intermediate portion 22. 

The connector „ is ucilised c „ join ^ ^ ^ ^ 
lengths of e*pa„ d able cubing 24 , 25 ^ ^ ^ ^ ^ 
adapted „ engage „ ith th . ^ ^ ^ 

described below. 

The connector interface portion 22- is of 
substantially the sa„e wall thickness aa th. tubing 24 25 
however the connector e„ d portions „. 2l ac e upset, 'that 
re they i„cl u „e po r t io „s .« greater wall chickpeas than the 
tubing M . 25 and ,„ of . gresMt di _ tK than 
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24, 25. The inner walls of each connector end portion 20 
21 define threads 26. 27 for engaging CQrresponding ^ 

26, 29 on the outer surface of the tubing 24. 25. Inwardly 
of the threads 26, 27 the end ^ ^ ^ ^ 

grooves 30, 31 to receive corresponding tongues 3 2 „ 
Provided on the ends of the tubing lengths 24, 25. 

As noted above, the connector slots 18 only overlap in 
the xntermediate portion 22, such that on expansion of the 
connector 16 and the tubing lengths 24, 25 the connector 16 
» only subject to significant deformat . on . n 
intermediate portion 22, at and adjacent the slot overlap 
34. The amount of deformation is substantially lower in 
the rest of the connector „. particularly in the "nodes" 
36 between the ends of the longitudinally aligned slots 18 
The tubing lengths 24, 25 feature nodes 38 between ad 
beyond the ends of the tubing slots 12 and the tubing 
threads 28, 29 are formed on the end most tubing nodes. 

In use, the tubing lengths 24, 25 are connected by 
first making up the connector l 6 to one tubing length 24, 
and then making up the second tubing length 25 to the other 
end of the connector 16. A number of tubing lengths are 
connected in this way to form a tubing string, which is run 
into a wellbore. Once in a desired position, an expansion 
mandrel is run through the tubing string, and radially 
extends the connector 16 and the tubing lengths 24. 25. In 
doing so, the connector slots 18 and tubing slots 12 are 
expanded to define diamond shaped openings. as are 
illustrated in Figure 1. As described above the connector 
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U only to subscantlal de£ooBCion ^ sioc 

m Che intermediate portion 22, which i« ~f 

- wnich is of corresponding 
diameter and thickness Co che tubing ^ ^ ^ 

Properties of the connector « are simil ar to the tubing 
24, 25. such that the connector „ and tubing lengths ^ 
2S win expand in corresponding and predictable manner, 
minimising the occurrence of irregularities in the internal 
diameter of the expanded tubing string. 

From the above description it will be apparent to 
those of skill in the art that the assembly 14 provides a 
convenient means for connecting expandable tubing lengths 
It is recognised that, for some applications, users may 
Prefer to include coupling means between the connector end 
Portions and the tubing lengths in addition to the thread 
connection, and in such cases screws, rivets, pins or the 
ixk. may be provided to extend between the end portions 20, 
21 and the tubing lengths 26, 27. 

Reference is now made to Figures 3 and 4 of the 
drawings which will illustrate an arrangement 50 for 
connecting f irs t and second lengths 52. 54 of expandable 
tubing utilising an expandable sleeve 56 secured to the 
ends of the tubing lengths 52. 54 by screws 58. The tubing 

walls 60, 61 and the sleeve wall fi? ■ 

e waii 62 define overlapping 

longitudinal slots 64 65 ee r. ' . 

' 65 ' 66 • Expansion of the tubing 

lengths 52, 54 and the sleeve ^ ■ 

e sleeve 56 is accommodated by 
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deformation of fingers of material 68 ^ ^ ^ ^ 
slots 64, 65, 66 overlap, and following deformation the 
slots 64, 65, 66 define diamond- shaped apertures. During 
expansion there is li cc i e or no deformation of the nodes 
72, 73, 74 between the longitudinally spaced slots 64, 65, 
and the screws 58 pass through bores in the endmost 
nodes 72, 73, 74 of the tubing lengths 52, 54 and the 
sleeve 56, at the ends of the tubing lengths 52, 54 and 
sleeve 56. Thus, the endmost deformable fingers of the 
tubing lengths 68, 69 are axially spaced f rom the endmosC 
fingers of the sleeve 70. 

In use, the tubing lengths 52, 54 and sleeves S6 are 
shipped in disassembled form. The tubing lengths 52, 54 
are made up on surface as the tubing is fed into the bore 
in which the tubing is to be utilised. m particular, the 
ends of the tubing lengths 52, 54 are located in the 
respective ends of the sleeve 56. The screws 58 are then 
located and tightened in the screw bores. A number of 
tubing lengths are made up to provide the desired length of 
tubing and the assembled tubing run into the bore. On 
reaching the desired location downhole, the tubing is 
anchored in place, and an expansion cone then pushed or 
pulled through the tubing. The cone expands the tubing 
length 52, 54 radially outwards such that, as mentioned 
above, the slots 64, 65, 66 become diamond- shaped, with the 
expansion being accommodated by deformation of the fingers 
68, 69, 70. The sleeve 56 deforms in a similar manner to 
the tubing, lengths 52, 54. On moving through the 
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arrangement 50. the expansion cone deforms, in turn che 
endmost fingers 68 of che f irst Cubing ^ 52 ^ 
fingers 70a ac the f irsc end of the sleeve ^ ^ 
70b at the second end of the sleeve 56, and f inally the 
endmosc fingers 69 of the second tubing length 54. 

in testing it has been found that the forces ■ required 
to expand the connecting arrangement 50 are the same o^ 
only slightly higher than the forces required to expand the 
tubing lengths 52, 54. Also, the expanded sleeve 56 tends 
to retain its expanded form, and suffers little or no 
diametrical shrinkage after the expansion cone has passed 
through the sleeve 56. T hus , the present inventiQn ^ 
the difficulties experienced with previously proposed 
sleeve connectors. Further, the connection arrangement 50 
is less expensive to produce than the male\ female 
connectors as described in W096\37 6 87 and WO97\21901. 

Reference is now made, to Figure 5 of the drawings, 
which illustrates an alternative arrangement no for 
connecting first and second lengths ll 2 , lx « of expandable 
tubing utilising an expandable sleeve u 6 secured to the 
ends of the tubing lengths 112, 114 by screws 118 ^ 
tubing walls define overlapping longitudinal slots 124 , 
125. However, unlike the first described embodiment, the 
sleeve wall is formed of individual longitudinally 
extending strips 126. Expansion of the tubing lengths 112. 
114 and the sleeve lie is accommodated by deformation of 
fingers of material 128, 129 where the slots 124, 125 
overlap, and circumferential separation of the sleeve 



WO 98/42947 

PCT/GB98/00863 

13 

strip, PoUoui „ 9 d . fotMc . on ^ 

de £1 „e ai, TO „ d . shaped , pertu „ s Duriiig expansion ^ 

little or no de £ or„a tl o„ o£ the ^ ^ 

longitudinally sp a«a siocs „ 4 , U5 , and tha soreus us 

pass t„rou s h in che endmost noaes ^ ^ ^ 

tuhin 9 u„ gths 112 . u , „ d the of 



It win further be apparent to those of skm ln ch6 
art that the above-descrioed e«bodi„e„c is „ereiy e,e m olary 
of the present invention, and that various «od t ,i ca tto„s 
and improvements ray * „ade thereto, without depart!™, 
£rom the soope of the present invention. 
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CLAIMS 



I- An expandable tubing assembly comprising: 

a tubular connector defining overlapping longitudinal 
slots and comprising slotted end portions; and 

lengths of expandable tubing defining overlapping 
longitudinal slots and having slotted end portions defining 
nodes beyond the ends of the slots. che connector end 
Portions being coupled to the nodes of respective end 
portions of the tubing lengths. 

2- The assembly of claim x, wherein the connector end 
Portions and the nodes of the tubing end portions are 
threaded . 

3- The assembly of claim 1 or 2. wherein the tubular 
connector further comprises an intermediate portion between 
che end portions. 

4 • The assembly of claim 3, wherein the slots extend over 
Che whole length of the connector, slot overlap occurring 
only in the intermediate portion. 

5- The assembly of claim 3 or 4 wherein the intermediate 
portion is of corresponding configuration of the tubing 
lengths, such that the expansion characteristics of the 
connected tubing assembly are substantially constant over 
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the connection. 



S- The assembly of claim 5. wherein the connector 
intermediate portion is of substantially the same wall 
thickness of the tubing and wherein the connector end 
portions are upset: . 

7- The assembly of claim 6 wherein each connector end 
portion defines an internal thread for engaging a 
corresponding thread on an outer surface of the respective 
tubing end portion. 



8- The assembly of any of the preceding claims where 
the connector end portions define grooves to rece 
corresponding tongues provided on the tubing length end 



in 
ive 



portions. 



9. A method of connecting lengths of expandable tubing 
defining overlapping longitudinal slots, the method 
comprising: 

providing a tubular connector defining overlapping 
longitudinal slots and comprising end portions; 

providing lengths of expandable tubing defining 
overlapping longitudinal slots and having end portions 
defining nodes beyond the ends of the slots; and 

connecting the connector end portions to the nodes of 
respective end portions of the tubing lengths. 
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10. An expandable cubing assembly comprising .- 

a tubular connector defining overlapping longitudinal 
slots, the connector comprising end portions and an 
intermediate portion; and 

lengths of expandable tubing defining overlapping 
longitudinal slots and having end portions coupled to the 
connector end portions, at least the connector intermediate 
portion being of corresponding configuration to the tubing 
lengths, such that the expansion characteristics of the 
intermediate portion and the tubing lengths correspond. 

11. An arrangement for coupling lengths of expandable 
tubing, the arrangement comprising a sleeve defining 
overlapping longitudinal slots, f irst and second tubing 
lengths defining overlapping longitudinal slots, in use the 
sleeve and tubing lengths being radially expandable by 
deformation of fingers of material where adjacent 
circumferentially spaced slots overlap, and connecting 
means for connecting the sleeve to the ends of the tubing 
lengths, the deformable fingers of the sleeve being axially 
spaced from the end most deformable fingers of the 
respective tubing lengths. 

12. The arrangement of claim 11. wherein the connecting 
means are provided at circumferentially spaced locations at 
the end of the tubing lengths beyond the end most tubing 
fingers. and an the ends of the sleeves beyond the 
respective end most tubing fingers. 
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13. The arrangement of claim 1X or 12 , wherein ^ 
unexpanded sleeve is of larger diameter than ^ ^.^ 
lengths . 



14. The arrangement of claim 13, wherein the sleeve and 
the tubing lengths are each of substantially ' constant 
diameter along their length. 

15. A method for coupling the ends of first and second 
lengths of expandable tubing defining overlapping 
longitudinal slots and deformable fingers of material where 
adjacent circumf erentially spaced slots overlap, the method 
comprising the steps of: 

providing a sleeve defining overlapping longitudinal 
slots and deformable fingers of material where adjacent 
circumferentially spaced slots overlap; 

coupling the sleeve to the ends of first and second 
lengths of expandable tubing such that tne fingers of the 
sleeve are longitudinally spaced from the end most fingers 
of the tubing lengths; and 

forcing an expansion member through the connected 
tubing lengths to expand the sleeve and the tubing lengths. 

16. An arrangement for coupling lengths of expandable 
tubing, the arrangement comprising a longitudinally slotted 
sleeve, first and second tubing lengths defining 
overlapping longitudinal slots, in use the tubing lengths 
being radially expandable by deformation of fingers of 
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serial where a djacent circumf erentially ^ ^ 
overlap, and connecting means for connecting the sleeve to 
the ends of the tubing lengths. 

17. The arrangement of claim 16. wherein che sl ^ e . g 
formed of longitudinally extending strips of metal. 

IB. The arrangement of claim 17, wherein the strips are 
rectilinear. 



15- The arrangement of claim 17 or 18, wherein the strips 
are initially circumferentially connected by frangible 



links. 



20. A method for coupling the ends of f irst and second 
lengths of expandable tubing defining overlapping 
longitudinal slots and deformable fingers of material where 
adjacent circumferentially spaced slot, overlap, the method 
comprising the steps of: 

providing a sleeve comprising longitudinally extending 
strips of material; 

coupling the sleeve to the ends of first and second 
lengths of expandable tubing; and 

forcing an expansion member through the connected 
tubing lengths to expand the sleeve and tubing lengths. 
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